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Dietary energy intake across the menstrual cycle: a narrative
review
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Females are often underrepresented in the scientific literature, but awareness of the
need for female-specific research is increasing. Review articles have been published
on the effects of the menstrual cycle on aspects of exercise performance and physi-
ology, yet to date no research has reviewed the effect of menstrual cycle phase on
dietary energy intake. Fluctuations in endogenous sex hormones across the men-
strual cycle influence a range of physiological processes, including those involved in
nutritional status. Observational research typically quantifies female athletes’ nutri-
tional intakes at a single time point; however, this may provide inaccurate informa-
tion if dietary intake fluctuates across the menstrual cycle. Similarly, this may have
implications for interventional research, where dietary intake is often poorly con-
trolled or monitored. This review aimed to synthesize the published literature on
dietary energy intakes of naturally menstruating females in various phases of the
menstrual cycle. The review critiques the relevant literature in light of recent publi-
cations on good practice for female research, explores the impact of the menstrual
cycle on energy intake, identifies gaps within the evidence base, and informs future
research. Overall, energy intake appears to be lower in the follicular phase com-
pared with the luteal phase, with a particular decrease in the days leading up to
and including ovulation. The magnitude of these fluctuations is not yet clearly
quantifiable and most likely varies, both between individuals, and from cycle to
cycle. This review notes the lack of high-quality research investigating the energy
intakes of females across the menstrual cycle, and the very limited data available
for female athletes and others who undertake large amounts of physical activity. It
also highlights the need for researchers to take into consideration anovulatory
cycles and the potential effects of premenstrual disorders on dietary intake.

INTRODUCTION example, across more than 5200 papers published in 6

of the leading sports science journals between 2014 and

Females have long been underrepresented as research 2020, only one third of all participants were female,
participants across a range of fields, hindering the prog- with only 6% of studies conducted exclusively in
ress in better understanding female physiology.'™ For females.* Yet, important physiological differences exist
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between the sexes, such that research conducted in
males may not always be directly applicable to females.’
One of these differences is the menstrual cycle, which
involves dramatic fluctuations in endogenous sex hor-
mones over a 21-day-35-day period, from menarche
until menopause.*”

The menstrual cycle is commonly divided into 2
phases: the follicular phase (from day 1 of menstrual
bleeding until ovulation) and the luteal phase (post ovu-
lation).*® However, within 1 cycle there are 4 distinct
hormonal environments: (1) the early-follicular phase,
characterized by low estrogen and low progesterone; (2)
the late-follicular phase, characterized by high estrogen
and low progesterone; (3) the ovulatory phase, charac-
terized by medium estrogen and low progesterone; and
(4) the mid-luteal phase, characterized by medium
estrogen and high progesterone” (Figure 1).

Aside from their role in reproduction, these hor-
monal fluctuations also influence a range of physiologi-
cal processes throughout the body, including those
involved in nutritional status. Estrogen is hypothesized
to suppress appetite, while progesterone, in the presence
of estrogen, may have the opposite effect.” Rates of car-
bohydrate and fat oxidation vary across the cycle, with
greater glycogen storage at rest,’” and a stronger prefer-
ence for fat utilization during exercise, in the luteal
phase compared with the follicular phase.'"' Protein
catabolism also appears to increase in the luteal
phase,'>"* potentially contributing to the greater resting
metabolic rate observed during this time."*

There is growing awareness of the need to close the
sex data gap and better understand female physiology,
especially given increasing rates of female participation
in both recreational and elite-level sport.">'® Recent
reviews have explored the effect of the menstrual cycle
on exercise performance,'”'® adaptation to resistance
training,'” resting metabolism,'* and thermoregulation
during exercise in the heat®’; yet, to date, no published
paper has synthesized the literature on energy intake
across the menstrual cycle. Dietary intake is the product
of a complex interplay between social, cultural, environ-
mental, psychological, and physiological factors, and
there is no clear consensus on the role that the men-
strual cycle might play in this whole system. A clear
understanding of how hormonal fluctuations across the
menstrual cycle influence energy intake is of clinical
importance. Changes in energy intake could have
important implications for energy availability (the
amount of dietary energy available per kilogram of fat-
free mass, after accounting for the energy expended
during exercise), particularly in athletes for whom
training volume may not be modified to account for
phase-related changes in energy intake. Low energy
availability can lead to severe health consequences,
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including menstrual disturbances, impaired bone
health, endocrinological effects, decreased athletic per-
formance and increased risk of injury and illness.”!
Consequently, if energy intake is lower during certain
periods of the menstrual cycle, additional nutritional
support may be required to ensure adequate energy
availability. Therefore, this review aims to: (1) explore
the current observational research on dietary energy
intakes of naturally menstruating females across the
menstrual cycle, as well as intervention studies assessing
phase-related ad-libitum food intake; (2) identify gaps
in the literature; and (3) inform future research.

METHODS

To identify the published literature regarding energy
intake across the menstrual cycle, PubMed and Scopus
were searched with the search terms “energy intake”
AND “menstrual cycle,” returning approximately 300
results (excluding duplicates). Titles and abstracts were
screened to identify those that investigated the effect of
menstrual cycle phase on energy intake or availability,
rather than the effect of energy intake or availability on
menstrual function. After full-test screening of the
remaining manuscripts, papers were included if they
were original research articles that assessed dietary
energy intake or availability at more than 1 phase of the
menstrual cycle in naturally menstruating adult human
females and were published in the English language.
The reference lists of included studies were additionally
screened to locate further relevant literature.

ENERGY INTAKE IN THE FOLLICULAR VERSUS
LUTEAL PHASE

Despite the presence of 4 unique hormonal environ-
ments, many studies simply compare the follicular
phase with the luteal phase—the definitions of which
vary widely. The early-follicular phase (or “menses” as
it may also be called) typically refers to the days of men-
strual bleeding. Occasionally studies will use a later
time point, such as days 7-9 after the onset of menstru-
ation, to represent the follicular phase (what one might
call the “mid-follicular phase”, although there is no
accepted definition of this). It is only recently that the
late-follicular and ovulatory phases have been recog-
nized and defined as 2 distinct phases; historically
researchers used the “peri-ovulatory phase” to refer to
the several days leading up to and including ovulation.
The luteal phase is generally defined by a variable num-
ber of days relative to menstruation or ovulation.
Earlier research often compared the 10-days pre-
menstruation onset, with the 10-days post-
menstruation onset, however, new guidelines propose
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Figure 1 Schematic diagram of the relative rise and fall in estrogen, progesterone, and luteinizing hormone concentrations across
an idealized 28-day menstrual cycle with ovulation occurring on day 14. Hormonal fluctuations are superimposed over the menstrual
cycle phases representing 4 distinct hormonal environments: the early-follicular phase, the late-follicular phase, the ovulatory phase, and the
mid-luteal phase. The solid line represents estrogen, the dashed line represents progesterone, and the dotted line represents luteinizing hor-
mone. Figure 1 was created with Adobe Photoshop 2020 (Adobe Inc., San Jose, CA, USA).

stricter phase definitions to improve research quality,”
and are as follows:

* Early-follicular phase: defined by the onset of bleeding
(day 1) until day 5, when estrogen and progesterone are
at their lowest levels.

* Late-follicular phase: defined as the 14 hours-26 hours
prior to ovulation, when estrogen levels are higher
than in the other phases, and progesterone levels are
higher than in the early-follicular phase, but lower
than 6.36 nmol/L.

¢ Ovulatory phase: defined by a positive urinary ovula-
tion (luteinizing hormone) test and lasting 24 hours—
36 hours, when estrogen levels are higher than in the
early-follicular phase, but lower than in the other
phases, and progesterone levels are higher than in the
early-follicular phase, but <6.4 nmol/L.

* Mid-luteal phase: defined as 7 days after confirmation
of ovulation, when estrogen levels are higher than in
the early-follicular and ovulatory phases, but lower
than in the late-follicular phase, and progesterone lev-
els are >16 nmol/L (Figure 1).”

However, of the research concerning energy intake
across the menstrual cycle, adherence to these recom-
mended menstrual phase definitions is limited, such
that comparing energy intake between phases is often
restricted to just the follicular and luteal phases:
Tables 1 and 2 provide a summary of the literature
comparing energy intake between the various phases of
the menstrual cycle. With this in mind, there is

Nutrition Reviews® Vol. 81(7):869-886

evidence to suggest that daily energy intake is greater in
the luteal phase of the menstrual cycle compared with
the follicular phase in naturally menstruating
females.”*****® A study in 30 Brazilian females found
mean energy intake to be 1730 * 254 kcal/day in the fol-
licular phase, compared with 2259 = 375 kcal/day in the
luteal phase, representing a mean increase of 529 kcal/
day.*® Similarly, Reimer et al reported a mean increase
of 337kcal/day from the follicular phase to the luteal
phase,”” while Martini et al reported a mean increase of
159 kcal/day.”” Many others have observed a similar
pattern, with mean increases from the follicular to luteal
phase ranging from 90kcal/day to 504 kcal/day.”****~
3134736 yet this observation is not universal, with several
studies finding no evidence of a difference in phase-
related energy intake.”’~** Differences in methodology
and study quality may in part explain these conflicting
findings.

IDENTIFICATION AND VERIFICATION OF MENSTRUAL
CYCLE PHASE

Poor-quality methods of identifying menstrual cycle
phase pervade this research field, and only recently have
guidelines emerged.*’ Verification of menstrual phase
with serum estrogen and progesterone concentrations
(with exclusion of those studies that fail to meet phase-
specific hormonal thresholds) is now considered the
gold standard protocol for research.”® Urinary luteiniz-
ing hormone tests may be used in conjunction with
serum hormone measurements to detect ovulation and
help identify the luteal phase.””® Table 17°727?>%33~
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374043 shows the studies that verified phases with serum

estrogen and progesterone concentrations, while
Table 222724,28731,34,38,39,41,42,44747 ShOWS the Studies
without such hormonal verification. Failure to adhere
to these methods risks collecting data outside of target
phases, compromising the validity of the results. For
example, Chung et al observed a mean increase in
energy intake from the follicular to the luteal phase of
160 kcal/day, but after excluding 17 of the 39 partici-
pants with incorrectly identified cycle phases (via retro-
spective analysis of serum hormones), the difference
increased to 180 kcal/day.*® This not only highlights the
large number of cycles that could be misclassified with-
out hormonal verification (~44%), but shows that when
such cycles are included, the reported phase-related dif-
ference in energy intake may not reflect the actual
difference.

The various methods for quantifying the menstrual
cycle phase exist within a hierarchy of accuracy. While
serum hormone verification sits at the top,8 it is not
necessary to completely disregard studies using other
methods, but rather to exercise more caution when
interpreting the results. For example, using urinary
luteinizing hormone tests alone to discern the phase
allows more confidence in the assessment of the phase
than when it is based solely on menstruation onset,®
and the weight placed on the findings of studies using
this method should therefore reflect that (see Table?2
for studies that did not verify menstrual phase with
serum sex hormones). Tarasuk and Beaton reported
one of the smaller mean differences in energy intake
between the follicular and luteal phases (90 kcal/day
greater energy intake in the luteal phase); however,
phase determination was based on retrospective
accounts of menses reported after the year-long study.’
At the other extreme, Kammoun et al observed a mean
increase of 476kcal/day energy intake in the luteal
phase over that of the early-follicular, but in that study
phase assessments were exclusively based on anticipated
cycle length.”? Of those studies that adhered to recom-
mended phase verification methods, 5 studies observed
greater energy intakes in the luteal phase compared
with the follicular phase of between 159 kcal/day and
529 kcal/day,”> **>* while Gorczyca et al and
Thalainen et al found no evidence of a difference in
energy intake between the early-follicular, mid-follicu-
lar, ovulatory, or luteal phases.””*

Several studies that verified phases with serum hor-
mones compared energy intake between cycle phases
based on one meal alone: Brennan et al reported a
greater mean energy intake during the luteal phase
compared with the follicular phase®”; Reed et al
observed the same pattern, but only for those with pre-
menstrual dysphoric disorder””; McNeil et al reported a
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trend for the menstrual cycle phase, with intakes in the
early-follicular, late-follicular, and mid-luteal phases of
670 =293 kcal, 525*289kcal, and 711 * 334kcal,
respectively.*> However, data from a single meal may be
insufficient to capture overall patterns of energy intake,
and extrapolating results to usual daily intake may be
less appropriate. Similarly, the buffet or menu-style
meals provided in these studies may not accurately
reflect food choices made in free-living conditions (and
their relationship to cycle phase).

THE LATE-FOLLICULAR AND OVULATORY PHASES

Simply comparing the follicular phase with the luteal
phase fails to acknowledge potential changes in dietary
intake within these broader umbrellas. Certainly, the
high estrogen and low progesterone concentrations of
the late-follicular phase, and the phenomenon of ovula-
tion present unique environments.*® Given the large
inter-individual variation in follicular phase duration,*®
capturing these relatively transient phases is particularly
unreliable without hormonal verification.® Yet hormo-
nal verification can be challenging and burdensome,
such that it is often neglected,23‘24’27'36’38’40_42’44 or
merely approximated.”>*>*>* While Kammoun et al
reported a 487kcal/day greater energy intake in the
ovulatory phase compared with the early-follicular
phase, the ovulatory phase was simply defined as days
12-16 of the cycle,”* so we cannot be confident that all
participants were indeed in the target phase.

A more common observation is a decrease in
energy intake during the days leading up to and includ-
ing ovulation,”>*****" supporting the argument of
Fessler for the evolutionary advantage of prioritizing
reproduction over food intake during this time.*’
Roney and Simmons reported a decrease in food intake
in the days approaching ovulation, with the lowest
intake coinciding with the peak in salivary estrogen
indicative of the late-follicular phase.”” Food intake
then increased in the luteal phase, tracking closely with
the rise in salivary progesterone.”” However, reported
intake was based on a questionnaire about the previous
day’s food consumption, meal size and hunger, relative
to usual consumption, rather than quantitative dietary
assessment.”” Therefore, these findings only provide
evidence that hormonal fluctuations across the men-
strual cycle may be associated with changes in percep-
tions of food consumed, rather than actual energy
intake.

Johnson et al provided stronger evidence to sup-
port the hypothesis of Fessler’®: when cycle phase was
verified by serum hormones, the greatest increase in
energy intake was recorded between the ovulatory
phase (defined by increasing estrogen, low
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Table 1 Studies assessing dietary energy intake of naturally menstruating females across the various phases of the menstrual cycle with phases verified by serum estrogen
and progesterone concentrations

cycle and alimentary con-
sumption in women®¢

Age: 277 = 4.1y
BMI: 22.2 + 2 kg/
m2

* Luteal: days 20-25, or
days 23-28 for those
with cycles >30d

Title Reference Country Population® Menstrual cycle phases and ~ Number of ~ Dietary assessment Findings®

quantification method cycles method

Energy regulation over the  Johnson et al United States n=26 * Perimenstrual 1 Daily estimated diet  El was greater in the luteal vs
menstrual cycle®® 1994 Age: 32343 * Ovulatory records over one ovulatory phase

BMI: 21.5kg/m* e Luteal cycle (1902 =+ 452 keal/d vs
BBT also used 1736 = 427 kcal/d, mean
difference: 166 kcal/d,
P < .05%)

Effect of the menstrual cycle  Martini et al United States n=18 * Mid-follicular: days 7-9 4(n=2)  3-destimated diet  El was greater in the mid-
on energy and nutrient 1994 Age: 26949y e Mid-luteal: 7-9d after 5(=4) records luteal vs mid-follicular
intake?’ BMI: positive urinary LH test 6((n=11) phase (1908 = 38 kcal/d vs

22.2 + 2.0 kg/m? BBT also used. Only 1749 * 37 kcal/d®, mean
serum progesterone difference: 159 kcal/d,
measured in the luteal P =.003)
phase; no estrogen
measurements taken

Dietary and metabolic differ- Reimer et al Canada n=9 * Follicular 1 3-d estimated diet  El was greater in the luteal vs
ences in pre- versus post- 2005 Age: 27924y e« Luteal records. follicular phase
menopausal women taking BMI: 23.9 + .8kg/ (2089 = 178 kcal/d vs
or not taking hormonal m? 1752 = 158 kcal/d, mean
replacement therapy** difference: 337 kcal/d",

P<.05%

Changes in mood, cognitive ~ Reed et al 2008  United States n=14 with * Follicular: days 6-10 2 Intake based on sin-  El was 16% greater in the
performance, and appetite PMDD * Luteal: 1d-5d before gle provided meal luteal vs follicular phase
in the late luteal and follic- Age: 30.0 £ 6.7y menstruation onset (weighed by for the PMDD group
ular phases of the men- BMI: Urinary LH used to iden- researchers) (P=.04), but there was no
strual cycle in women with 22.0 = 2.1kg/m? tify ovulation evidence of a difference in
and without PMDD*? n=15 control El for the control group

Age: 300 £ 6.1y (P>.05%

BMI:

22.0 = 2.0 kg/m?

Effects of the phases of the ~ Brennan et al Australia n=9 * Follicular: twice between 1 Intake based on sin-  El was greater in the luteal
menstrual cycle on gastric 2009 Age:31.0 £ 1.0y days 6-12 gle provided meal phase (914 £ 113 kcal)
emptying, glycemia, BMI: 21.0 £ 5kg/ * Luteal: days 18-24 (weighed by compared with the first
plasma GLP-1 and insulin, m? researchers) and second follicular phase
and energy intake in time points (771 = 84 kcal
healthy lean women®? and 728 + 82 kcal, mean

difference: 143 kcal and
186 kcal, respectively,
P<.05%

Regulation of menstrual Gil et al 2009 Brazil n=30 * Follicular: days 5-9 1 3-d estimated diet  El was greater in the luteal vs

records (including
one weekend day)

follicular phase
(2259 + 375 kcal/d vs
1730 = 254 kcal/d, mean

(continued)
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Table 1 Continued

Title Reference Country Population® Menstrual cycle phases and ~ Number of ~ Dietary assessment Findings®
quantification method cycles method
difference: 529 kcal/d,
P <.001)

Food intake changes across ~ Chung et al 2010 Taiwan * n=39 * Follicular: 3d after 1 3-d estimated diet  El was greater during the
the menstrual cycle in * Age: 20y-40yf menses records (one luteal vs follicular phase
Taiwanese women?> * BMI: * Ovulation: positive LH weekend day (1753 kcal/d vs 1593 kcal/

21.1 x40 kg/m2 test included where d® mean difference:
* Luteal: 7d-8d after posi- possible) 160 kcal/d®, P=.03). For
tive LH test those with correctly identi-
Cycle history used to fied cycle phases (n =22),
help identify phase El was greater in the luteal
timing vs follicular phase by
180 kcal/d® (P=.04)

Greater overall olfactory per-  McNeil et al 2013 Canada e n=17 * Early-follicular 1 Intake based on sin-  El in the early-follicular, late-
formance, explicit wanting * Age: 22432y e Late-follicular/ovulatory gle provided meal  follicular, and mid-luteal
for high-fat food, and lipid * BMI: * Mid-luteal (weighed by phases were
intake during the mid- 22.3 * 1.7kg/m? Cycle history used to researchers) 670 = 293 kcal,
luteal phase of the men- help identify phase 525 * 289 kcal, and
strual cycle® timing 711 = 334 kcal, respec-

tively (P = .05 for trend)

Changes in macronutrient, Gorczyca et al United States * n=259 * Menses 1(nh=9)  24-hrecalls No evidence of a difference
micronutrient, and food 2016 e Age: 273 =82y  Mid-follicular 2 (n=250) in El between phases for
group intakes throughout * BMI: * Ovulation: estimated either ovulatory (P = .35)
the menstrual cycle in 24.1 = 3.9kg/m? using urinary LH and or anovulatory cycles
healthy, premenopausal estrone-3-glucuronide (P=.36)
women®’ * Luteal

Influence of menstrual cycle  lhalainen et al Finland * n=15 recrea- * Early-follicular: days 2-4 1 3-d estimated diet ~ No evidence of a difference
of hormonal contraceptive 2021 tional athletes ¢ Mid-follicular: 7d-11d records in El (P=.825) or energy

phase on energy intake
and metabolic hormone—
a pilot study*

Age: 26 = 4y
Body fat:
221 *+67%

post menstruation onset
Ovulation: positive uri-
nary LH test

Mid-luteal phase: 7d
after positive urinary LH
test

availability (P = .465)
between phases

#Values represent mean = SD unless otherwise specified.
PStandard deviation not reported.
“Mean difference not reported and calculated from absolute values reported in each phase, or mean difference reported without SD of the difference.

dExact P-value not reported.

Values represent mean = SE.

fRepresents age range of participants; mean = SD not reported.
Abbreviations: BBT, basal body temperature; BMI, body—mass index; El, energy intake; LH, luteinizing hormone; PMDD, premenstrual dysphoric disorder



Table 2 Studies assessing dietary energy intake of naturally menstruating females across the various phases of the menstrual cycle without verification of phases with
serum estrogen and progesterone concentrations
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Title Reference Country Population® Menstrual cycle phases and  Number of  Dietary assess- Findings®
quantification method cycles ment method
The effect of the men- Dalvit 1981 United States n=28 * Follicular: the 10d post 2 Daily 24-h recalls El was greater in the luteal vs
strual cycle on pat- Age: 18y-22 yb menstruation for 60 d follicular phase for both
terns of food * Luteal: the 10 d pre- cycle 1 (1935 kcal/d vs
intake?® menstruation 1431 kcal/d®, mean differ-
ence: 504 * 219 kcal/d,
P =.0004) and cycle 2
(1945 vs 1449 kcal/d,
mean difference:
496 *+ 378 kcal/d, P=.008)
Food intake, body Pliner and Canada n=41 * Midpoint of follicular 1 24-h recalls El was greater in the luteal vs
weight, and sweet- Fleming 1983 Age: 205+ 4.0y phase (phase length cal- follicular phase
ness preferences culated by subtracting (2013 = 533 kcal/d vs
over the menstrual 14 d from total cycle 1790 * 642 kcal/d, mean
cycle in humans®® duration) difference: 223 kcal/d®,
* Midpoint of luteal phase P < .05%)
(assumed to be 14 d)
Based on cycle history
A study of dietary Manocha et al India n=11 * Follicular: 10d post 2 Daily estimated  El was greater in the luteal vs
intake in pre- and 1986 Age: 22y-30y° menstruation diet records follicular phase for both
post-menstrual * Luteal: 10 d pre-menstru- for 60 d cycle 1 (1620 = 275 kcal/d
period** ation vs 1300 = 290 keal/d,
Retrospective recall of mean difference: 320 kcal/
menstruation after 60 d d, P < .05% and cycle 2
(1605 = 270 kcal/d vs
1300 = 255 kcal/d, mean
difference: 305 kcal/d®,
P<.019
Menstrual cycle and  Gong et al 1989  United States n=7 * Menstrual: days 1-4 1 Daily weighed-  El was greater in the luteal vs
voluntary food Age:314+7.0y * Follicular: day 5—perio- food records follicular phases
intake* BMI: 22.4 kg/m? vulatory phase for 1 cycle (2040 = 156 keal/d vs
* Periovulatory: 4d span- 1833 = 146 kcal/d, mean
ning estimated ovulation difference: 207 kcal/d®,
* Luteal: day following P < .05%), and in the luteal
periovulatory phase— vs periovulatory phase
day before menses (2040 = 156 kcal/d vs
1766 = 252 kcal/d, mean
difference: 274 kcal/d®,
P <.05%)
Reduction of food Lyons et al 1989 Australia n=18 * Menses: days 1-4 1 Daily weighed-  El was lower in the ovulatory
intake in the Age: 23.6¥¢ * Post menses: day 5 to diet records phase (1874 = 81 kcal/d)
BMI: 22.8 kg/m* ovulatory phase for 1 cycle vs post-ovulatory phase

(continued)
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Table 2 Continued

Title Reference Country Population® Menstrual cycle phases and  Number of  Dietary assess- Findings®
quantification method cycles ment method
ovulatory phase of * Ovulatory: 4d surround- (2198 = 86 kcal/d, mean
the menstrual ing ovulation (as deter- difference: 324 kcal/d®,
cycle46 mined by positive P < .05°), pre-menses
urinary LH test) (2150 = 86 kcal/d, mean
* Post ovulatory: 4d after difference: 276 kcal/d®,
ovulatory phase P < .05%) and menses
* Pre-menses: between (2155 100 kcal/d mean
post ovulatory and difference: 281 kcal/d®,
menses P < .05%). There was no
evidence of a difference in
El between 10d pre- and
post-menstruation
(2133 kcal/d vs 2102 kcal/
dC,E)

Menstrual-cycle pat-  Tarasuk and United States n=14 * Follicular: 10d following 1(n=1) Daily weighed-  El was greater in the luteal vs
terns in energy and Beaton 1991 Age:32£95y onset of menstruation 2(n=3) diet records follicular phase (1912 kcal/
macronutrient BMI: 23.0 + 5.7 kg/m? * Luteal: 10d preceding 3(h=1) d vs 1822 kcal/d<, mean
intake' menstruation 4(n=9) difference: 90 = 38 kcal/d,

Retrospectively reported P=.03)
at end of year-long study

Changes in dietary Fong and United States n=9 * Menses: days of men- 1 Daily weighed-  No evidence of a difference
intake, urinary Kretsch 1993 Age:28.1 4.1y strual bleeding diet records in El between menses
nitrogen, and uri- BMI: 22.4 + 2.0 kg/m> * Follicular: between for 1 cycle (by (2045 = 468 kcal/d), follic-
nary volume across menses and researchers in ular (2027 = 443 kcal/d),
the menstrual periovulatory metabolic periovulatory
cycle® * Periovulatory: 2d either ward study) (1968 = 516 kcal/d) and

side of ovulation (as luteal phases
determined by BBT) (2204 = 475 kcal/d®)
* Luteal: between periovu-
latory and menses
Energy intakes are Barretal 1995  Canada n =29 ovulatory cycles * Follicular: days 3-8 3 3-d weighed-diet El was greater during the

higher during the
luteal phase of ovu-
latory menstrual
cycle?

Age: 279+ 53y

BMI: 21.8 =+ 2.1 kg/m?

n =13 anovulatory cycles
Age: 26.5 £ 48y

BMI: 21.6 *+ 2.3 kg/m?

Luteal: days 20-26
BBT used to identify
anovulatory cycles

records

luteal vs follicular phase
for ovulatory cycles

(2248 = 652 kcal/d vs

1942 * 572 kcal/d, mean
difference: 305 keal/d?,

P <.001), but there was no
evidence of a difference
for anovulatory cycles
(1918 = 529 kcal/d vs

1990 * 359 kcal/d®)

(continued)
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Table 2 Continued

Title

Reference Country

Population®

Menstrual cycle phases and
quantification method

Number of  Dietary assess-
cycles ment method

Findings®

Menstrual cycle and
voluntary food
intake in young
Chinese women*®

Changes in nutrient
intake during the
menstrual cycle of
overweight women
with premenstrual
syndrome®*

Modest changes in
dietary intake
across the men-
strual cycle:

Li et al 1999 China

Cross et al 2001  Australia

Bryant et al 2006 United States

n=20
Age:21.2 =13y
BMI: 19.6 = 1.4 kg/m?

n =82 with PMS
Age:37.2+52y
BMI: 29 + 3.6 kg/m?
n =40 control
Age:37.2+69y
BMI: 29.2 = 3.1 kg/m?

n =31 with PMS
Age: 345+ 54y
BMI: 23.8 = 4.2 kg/m?
n= 27 control
Age:34.0* 7.7y

* Mid-follicular: days 6-10
* Mid-luteal: 6-10d after
positive urinary LH test

* Follicular: days 5-8
* Luteal: the 4d before
anticipated menstruation

* Follicular: days 4-6

* Luteal: 6-4 d before
menstruation (based on
cycle history)

1 3-d estimated
diet records
(not necessa-
rily consecu-
tive, but
including 1
weekend day)

2 4-d estimated
diet records

1 3-d estimated
diet records

El was greater in the mid-

luteal vs mid-follicular
phase (1692 = 448 kcal/d
vs 1478 =+ 285 kcal/d,
mean difference: 214 kcal/
d%, P=.02). There was a
23% increase in El in the
luteal vs follicular phase
based on weekend records
(1749 + 5744 kcal/d vs
1419 = 417 kcal/d, mean
difference: 330 kcal/d®,

P =.018), but no evidence
of a difference in El for
weekday records

(1663 = 507 kcal/d vs
1508 = 357 kcal/d, mean
difference: 155 kcal/d?,
P=.149)

El was greater in the luteal vs

follicular phase for both
groups, but the PMS group
had a larger difference
(1467 = 307 kcal/d vs
2097 + 419 kcal/d, mean
difference: 603 kcal/d?,

P <.001), compared with
the control group

(1802 = 411 kcal/d vs
1914 *+ 326 kcal/d, mean
difference: 112 keal/d?,

P < .05%). There was a
weak correlation between
severity of PMS symptoms
and energy intake changes
(Spearman’s

correlation = .29)

No evidence of a difference

in El between the follicular
and luteal phases for
either those with PMS
(2032 kcal/d vs 2009 kcal/
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Table 2 Continued

Title Reference Country Population® Menstrual cycle phases and  Number of  Dietary assess- Findings®
quantification method cycles ment method
implication for food BMI: 23.1 = 3.1 kg/m? d) or the control group
intake research®’ (1981 kcal/d vs 2080 kcal/
dc,e)

Energy and nutrient  Cheikh Ismail et  United Arab Emirates n=43 * Pre-menstrual: 2 d within 1 2-d estimated El was higher in the pre-
intakes during dif- al 2009 Age: 22.0 + 3.0y 10d pre-menstruation diet records menstrual vs menstrual
ferent phases of the BMI: 22.0 + 3.9 kg/m? * Menstrual: days 1-2 phase (1363 = 550 kcal/d
menstrual cycle in * Post-menstrual: 2d vs 1126 * 462 kcal/d,
the United Arab within 10 d post menses mean difference: 237 kcal/
Emirates?* onset d, P=.002)

The influence of the  Elliot et al 2015  Singapore n=31 * Menstrual: 0%-24% 1(n=18) 3-d estimated El was greater in the men-
menstrual cycle on Age: 23.7 + 13y * Follicular: 25%-49% 2(n=13) diet record strual vs luteal phase
energy balance and BMI: 20.2 = 2.8 kg/m* * Luteal: 51%-100% (including 1 (1687 = 419 kcal/d vs
taste preference in Menstrual cycles were weekend day) 1404 *+ 311 kcal/d, mean
Asian Chinese normalized with phases difference: 283 kcal/d?,
women™' expressed as %, where P < .05%). For those who

0% represents the first completed 2 cycles
day of menstrual bleed- (n=13), there was no evi-
ing, 50% represents ovu- dence of a difference in El
lation, and 100% between phases (P =.07)
represents the day
before menstrual
bleeding

Change in women’'s ~ Kammoun et al  Tunisia n=30 * Follicular: days 1-3 1 Dietary surveys  El was greater during the

eating habits during 2017
the menstrual

cycle?

Ovarian hormone fluc- Roney and United States
tuations predict Simmons 2017

within-cycle shifts

in women's food

intake*®

Age: 271 =78y
BMI: 25.6 + 5.2 kg/m?

n=24
Age: 18.9Y¢

* Ovulatory: days 12-16
* Luteal: 1-3 d before
anticipated menstruation

Daily salivary estrogen and
progesterone used to
estimate date of
ovulation

(no further
specification,
assumed to be
retrospective
recalls)

Daily survey on
quantity eaten,
meal size,
intentional
food restric-
tion, and hun-
ger relative to
usual on 1-5
scale for 1
cycle

ovulatory vs follicular
phase

(2175.2 = 321.8 kcal/d vs
1688 =+ 332 kcal/d, mean
difference: 487 kcal/d®,

P <.001) and for the luteal
vs follicular phase (mean
difference: 476 kcal/d®,

P <.001)

Decrease in reported food

intake in the days
approaching ovulation,
with the lowest intake cor-
responding to peak salivary
estrogen (P =.024).
Reported food intake rose
concomitant with increas-
ing salivary progesterone in
the luteal phase (P < .01°)
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Findings®

.383)

in El between the luteal
1694 =+ 437 kcal/d, mean
difference: 44 kcal/d®,

and follicular phases
(1738 *+ 414 kcal/d vs

No evidence of a difference
P

ment method

Dietary assess-
24-h recalls

Number of
cycles
1

Menstrual cycle phases and
quantification method

* Follicular: days 5-9

* Luteal: days 20-25

Population®
n=27
Age: 219 = 5y
BMI: 23.4 + 9 kg/m?

Country

Reference
Souza et al 2018  Brazil
s for age and BMI only reported for those who completed 2 cycles.

P-value not reported.

change during the
menstrual cycle of
young women?>®

food cravings
9Mean difference not reported; calculated from absolute values reported in each phase, or mean difference reported without SD of the difference.

®Exact

f
Value
Abbreviations: BBT, basal body temperature; BMI, body—mass index; El, energy intake; LH, luteinizing hormone; PMS, premenstrual syndrome

bRepresents age range of participants; mean = SD not reported.

#Values represent mean = SD unless otherwise specified.
“Standard deviation not reported.
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Title
Do food intake and
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progesterone, peaks in follicle-stimulating hormone and
luteinizing hormone, and a rise in basal body tempera-
ture) and the luteal phase (an increase of 166 kcal/
day).* Using the same hormonal and oral temperature
profile to define the late-follicular/ovulatory phase,
McNeil et al reported a similar pattern of energy intake
from a lunch meal alone (the limitations of which have
been previously discussed).”> This pattern was also
observed by Lyons et al, who measured the dietary
intakes of 18 Australian females over one complete
menstrual cycle with daily weighed diet records.*®
Using urinary luteinizing hormone tests to detect ovula-
tion, the menstrual cycle was then divided into 5 phases:
menses, post menses, ovulatory, post ovulatory, and
pre-menses.*® Mean daily energy intake was lower dur-
ing the ovulatory phase compared with menses and
both luteal phases, with the maximum effect observed
between the 4 days leading up to and including ovula-
tion, and the 4days immediately after (324 kcal/day
mean difference).** However, when comparing energy
intake between the 10days pre-menstruation and the
10days post menstruation, there was no longer evi-
dence of a difference.*® While Lyons et al did not verify
phases with serum estrogen and progesterone,*® their
results do draw attention to the possibility of more spe-
cific within-phase fluctuations in energy intake.

Inferences about energy intake in the follicular
phase compared with the luteal phase are often reported
as such; however, it may be more appropriate to com-
pare part of the follicular phase with part of the luteal
phase. This terminology would not carry the assump-
tion that the specific days of data collection represent
the entire phase (unless of course the whole phase has
been measured). Should changes in energy intake be a
secondary effect of sex hormone fluctuations, the fact
that these hormones fluctuate within the follicular and
luteal phases means that selection of different time
points between studies (and potentially between partici-
pants of the same study) may explain some of the dis-
agreement in the magnitude of the difference. However,
overall, it does appear that dietary energy intake is
lower in the early-follicular phase compared with the
mid-luteal phase, with an additional decrease in the
days leading up to and including ovulation. Despite the
methodological and participant burden challenges,
researchers should include the late-follicular and ovula-
tory phases as they appear to be potentially important
periods for changes in energy intake.

MEASUREMENT ACROSS MULTIPLE CYCLES
Any phase-related differences in energy intake that may

exist likely vary from cycle to cycle. To reduce the influ-
ence of such variability, recent guidelines now
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encourage collecting data across at least 2 menstrual
cycles.” Despite the evidence in favor of the aforemen-
tioned trend in energy intake across the cycle, several
studies failed to observe any phase-related differen-
ces.””™* Of particular interest are the findings of
Gorczyca et al, who found no evidence of a difference
in energy intake (as measured by 24-h recalls) between
the early-follicular, mid-follicular, ovulatory, and luteal
phases in a sample of 259 American females.”” These
results are interesting, given not only the large sample
size, but the fact that cycle phases were verified by
serum estrogen and progesterone, and that all but 9 par-
ticipants were followed for 2 cycles.”” Elliot et al also
reported that tracking participants over 2 cycles failed
to provide evidence of a difference in phase-related
energy intake.*' While energy intake was found to be
greater in the follicular phase compared with the luteal
phase based on 1 cycle, when 13 of the 31 Chinese par-
ticipants were followed for an additional cycle, there
was no longer evidence of a difference in energy
intake.*' However, several other studies that tracked
more than 1 cycle, still found increases in energy intake
from the follicular phase to the luteal phase of between
90 kcal/day and 605 kcal/day.>**7>%313334:44

It is possible that other factors, such as cultural or
societal influences, could attenuate any potential dietary
changes of endocrinological origin, and may play a
more important role in energy intake than the men-
strual cycle. Such factors may have varying degrees of
influence across populations differing by age, lifestyle,
environment, country, and culture. Alternatively, the
large sample size and favorable methodology of
Gorczyca et al’’ could suggest that significant phase-
related differences in energy intake may not exist, espe-
cially given the methodological biases frequently unac-
counted for in the published literature, which are
discussed in subsequent sections.

ANOVULATORY CYCLES

The presence of menstrual bleeding alone does not
guarantee regular hormonal fluctuations, so without
measuring sex hormone concentrations, one is unable
to accurately identify anovulatory cycles or other men-
strual irregularities.® Barr et al found that, while energy
intake was on average, 303 kcal/day greater during the
luteal phase compared with the follicular phase for ovu-
latory cycles, there was no evidence of a difference in
energy intake for anovulatory cycles.”> While these
findings were based on basal body temperature (a less
reliable method that may not always correlate well with
hormone levels),® they do highlight a potential discrep-
ancy between ovulatory and anovulatory cycles that
needs to be addressed in research. This is particularly
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important when considering underlying mechanisms:
the rise in luteal progesterone hypothesized to influence
energy intake requires ovulation to occur.” It is not
uncommon for those with apparently regular menstrual
cycles to occasionally experience anovulation or luteal
phase deficiency (a condition characterized by insuffi-
cient luteal progesterone and a shortened luteal
phase),”™" so confirming luteal progesterone has
reached 16 nmol/L is important for understanding the
true relationship between menstrual cycle phase and
energy intake.® Studies that included cycles failing to
reach this threshold may have underestimated, or
indeed failed to observe, a difference in energy intake
between the luteal phase and other phases.

PREMENSTRUAL SYNDROME AND PREMENSTRUAL
DYSPHORIC DISORDER

Every individual’s experience of the menstrual cycle is
unique, with some being more susceptible to certain
secondary effects of sex hormone fluctuations.
Premenstrual syndrome, and the more severe form
termed premenstrual dysphoric disorder, are character-
ized by a range of distressing physical, emotional, and
behavioral symptoms during the luteal phase,”> and
they may also influence dietary intake. Reed et al com-
pared energy intake of a lunch meal, self-selected from
a menu, between those with premenstrual dysphoric
disorder and those without, during the follicular and
luteal phases.”” Those with premenstrual dysphoric dis-
order had a 16% greater energy intake during the luteal
phase, while the control group experienced no change
between phases.”> While hormonal verification of cycle
phase revealed no significant differences in estrogen
concentration between the follicular and luteal phases
in either group,” this likely reflects the time points
used: days 6-10 of the cycle represented the follicular
phase, when estrogen concentration is likely already ris-
ing (to peak in the late-follicular phase), and 1-5 days
before menstruation represented the luteal phase, which
possibly captured estrogen concentration as it was
decreasing, to reach its nadir during menstruation).
Therefore, the presence of a difference in energy intake
between phases despite similar estrogen concentrations
might suggest that progesterone plays a more important
role in regulating dietary intake across the cycle, at least
for those with premenstrual dysphoric disorder.

In a study of overweight females, Cross et al
showed that the increase in energy intake from the fol-
licular phase to the luteal phase was even more pro-
found for those with premenstrual syndrome (605 kcal/
day mean difference) compared with those without
(112 kcal/day mean difference).”* They also observed a
weak correlation between the severity of the symptoms
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and energy intake.”* In contrast, Bryant et al found no
evidence of a difference in energy intake across the
menstrual cycle, either for those with premenstrual syn-
drome, or those without premenstrual syndrome.**

Comparing these studies is difficult, as Reed et al
studied females with the more severe condition of pre-
menstrual dysphoric disorder,*® while Cross et al and
Bryant et al used different diagnostic criteria for pre-
menstrual syndrome.”*** This could potentially con-
tribute to the discrepancy present, especially if
symptom severity is related to changes in energy intake,
as the findings of Cross et al may suggest.*
Furthermore, Cross et al studied an overweight popula-
tion,* raising the question of whether body size affects
phase-related changes in energy intake. Neither Bryant
et al nor Cross et al confirmed cycle phase with serum
hormones.**** While the underlying causes of premen-
strual syndrome and premenstrual dysphoric disorder
are not well understood,” any potential influences on
dietary intake may be of emotional or behavioral origin,
rather than strictly endocrinological. Studies in these
populations are lacking, and further research is required
to investigate the effect of premenstrual conditions on
energy intake across the menstrual cycle. As competi-
tive sport may be associated with a greater incidence of
premenstrual syndrome (with greater training volume
and a longer sporting career being additional risk fac-
tors), it also seems prudent to explore the relationships
between exercise physiology, premenstrual syndrome,
and dietary energy intake.”

PHYSICAL ACTIVITY

Energy intake and energy expenditure are fundamen-
tally linked, yet physical activity level is not often meas-
ured in the literature.*>>*?%732 3536384446 Geyerg]
studies collected information on exercise habits at base-
line, but not during dietary assessment periods**”*>*”
(with Barr et al excluding those who exercised over
7 hours/week),”® while others required abstinence from
heavy exercise during the study.””*> When Fong and
Kretsch kept physical activity levels consistent across
phases in their metabolic ward study,”” no differences
in energy intake across the menstrual cycle were
observed; however, the applicability of the data to free-
living conditions makes inferences about these results
difficult.

Levels of physical activity could plausibly fluctuate
across the cycle for some individuals—such that the
energy expenditure of exercise would become a media-
tor in the relationship between cycle phase and energy
intake—particularly considering the recent swell of
media commentary on modulating exercise across the
menstrual cycle.”® Several studies that tested for phase-
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related changes in physical activity found no evidence
of a difference across the cycle,”>*”** but most of these
findings were based on relatively crude estimations of
exercise (such as the number of days per week,*? or
hours per day of exercise without collecting information
on intensity,”® or only asking participants to report
daily physical activity above their subjective normal lev-
els*’), and for Chung et al this only included the 4 par-
ticipants who regularly exercised.*”

However, accounting for exercise in sedentary pop-
ulations may not be as important as for athletes, or
those who undertake large amounts of exercise, for
whom daily energy intake may vary dramatically
depending on training load. Energy availability (the
dietary energy remaining after accounting for exercise
energy expenditure, in relation to fat-free mass) may be
more appropriate for comparing nutritional status than
energy intake alone in these individuals.”” To date, only
one pilot study has investigated the relationship
between the menstrual cycle and energy intake in an
active population.*’ Thalainen et al found no evidence
of a difference in either energy intake or energy avail-
ability, between the early-follicular, mid-follicular, ovu-
latory, or mid-luteal phases of the cycle in recreationally
active females (defined as strength training 3 times per
week and endurance training 3 times per week).*
Although this is only one study, free-living athletic
females may present a unique population: dietary pat-
terns to meet the needs of exercise, which may not
always correspond with hunger or desirability of food,
and the potential impact of exercise on appetite must be
considered. Among 15 endurance-trained female ath-
letes who habitually exercised at least 5 days/week, sin-
gle bouts of moderate- and high-intensity exercise were
shown to transiently suppress subjective appetite and
the orexigenic peptide acylated ghrelin, as well as
increase anorexogenic peptides PYY3-36 and GLP-1.>°
Furthermore, a recent study in male cyclists demon-
strated an inability to sufficiently compensate for
increases in exercise energy expenditure through
changes in energy intake.”” However, the research on
exercise, appetite, and energy intake is inconsistent in
terms of exercise mode and intensity and study dura-
tion: for a full review see Dorling et al (2018).”® Briefly,
it appears that a single exercise bout does not stimulate
appetite or energy intake, whereas exercise training
could impact appetite and enhance meal-induced sati-
ety. Combined with the high prevalence of low energy
availability and of menstrual disturbances in exercising
populations (ranging from 14% to 63%°°), these factors
limit the applicability of research conducted in the gen-
eral population, which warrants further investigation
into understanding the nuances of energy intake and
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availability across the menstrual cycle in female
exercisers.

WEEKDAY VERSUS WEEKEND DIETARY INTAKE

Li et al found that the increase in energy intake
observed during the mid-luteal phase compared with
the mid-follicular phase was primarily driven by week-
end intake.”® Dietary energy intake was 23% greater in
the luteal phase when comparing weekend intakes, but
there was no evidence of a difference in phase-related
energy intake based on weekday intakes alone.’
Weekends may offer more freedom to modulate intake
based on appetite and preference, while routine, time
constraints and food availability may leave weekday
intakes less vulnerable to fluctuation. However, Li et al
considered the weekend to be Thursday to Sunday,
which represents over half the week and may not reflect
what is typically considered the weekend. This phenom-
enon has not been replicated by any other studies: while
Martini et al observed mean energy intake to be higher
on the weekend (Saturday and Sunday) regardless of
menstrual cycle phase, and energy intake to be higher
in the mid-luteal phase compared with the mid-
follicular phase, there was no interaction found between
phase and day of the week.*”

Given that patterns of dietary intake often differ
between weekdays and weekends, while random, an
imbalance between the number of weekend days in 2
phases being compared could theoretically influence
findings of phase-related differences in energy intake. It
is common practice to include both weekdays and
weekends in multi-day diet records,’” and while several
studies attempted to do so,”>?%*®*!' the nature of the
menstrual cycle certainly makes this difficult and often
unrealistic. Furthermore, intentionally trying to capture
a weekend day could potentially lead to inconsistent
phase time points between participants. A more appro-
priate approach may be to track over multiple cycles,
and ensure a large enough sample size to reach suffi-
cient balance between phases.

DIETARY ASSESSMENT METHODS

The limitations of the various methods of dietary assess-
ment are well documented, with multi-day weighed diet
records considered the gold standard.”” A combination
of (i) 24-hour recalls*®?***78 (ii) weighed,31’33’39’41’43’45
and estimated diet records,>’?7%312473040-4244 - of
varying duration, and (iii) other methods of dietary
assessment”>*’ were used throughout the literature. The
accuracy of dietary intake estimates differs across these
methods, and may contribute to the variation in differ-
ences observed. Furthermore, underreporting is a
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problem inherent to dietary assessment, and is particu-
larly prevalent amongst females.®" While there is no evi-
dence to suggest that this changes across the menstrual
cycle, it is worth noting that reported phase-related dif-
ferences in energy intake may be underestimating the
actual difference.

INTER-INDIVIDUAL VARIATION

Inter-individual variation is important to consider, both
in terms of the wide range of mean effects reported, as
well as the practical application of menstrual cycle
research. While Thalainen et al observed no evidence of
a difference in either mean energy intake or energy
availability across the cycle, the authors noted the large
inter-individual differences in their data.*” As the field
of menstrual cycle research grows, the individual varia-
bility in responses to hormonal fluctuations across a
variety of outcomes is becoming clearer. Yet this may
be lost when studies report mean effects, with the range
of individual responses, or potential “non-responders”
being overlooked. Indeed, some females may be more
likely to experience fluctuations in energy intake across
the cycle than others, for example, those who concomi-
tantly experience premenstrual syndrome.’>’* The
infrequent reporting of variance measures of mean dif-
ferences only perpetuates this.

POTENTIAL REASONS FOR THE DIFFERENCES IN
ENERGY INTAKE

Mirroring the reported changes in energy intake across
the menstrual cycle, changes in the controls of energy
intake, such as subjective hunger, food cravings, transit
time, and appetite hormones, have also been observed.
Generally, it appears that estrogen inhibits appetite,
whereas progesterone has a stimulatory effect, at least
when provided in pharmacological ranges.”®* The asso-
ciation between estrogen levels and energy intake across
the menstrual cycle has been documented in rat models
since the 1920s.

Control of eating behavior and appetite regulation
are closely linked to the functioning of the hypothala-
mic-pituitary-gonadal (HPG) axis. This central control
of appetite is influenced by the sex hormones: there are
estrogen receptors located in the hypothalamus, and
they interact with gastrointestinal peptides (eg, chole-
cystokinin [CCK] and ghrelin), neurotransmitters, and
adipocytes.**

Estrogen mediates the release of the satiating CCK
from the small intestine,®> which acts to decrease meal
sizes (rather than the frequency of eating)®® and attenu-
ates the release of the appetite-stimulating hormone,
ghrelin. In humans, hunger has been reported to be, on

Nutrition Reviews® Vol. 81(7):869-886



—-=— Dietary energy intake
Qestrogen

- = Progesterone
Luteinising hormone

Early-follicular Late-follicular ~ Ovulatory Mid-luteal
phase phase phase phase
a
/ .
™
b
P i i 3
7 ~
7’ N
7’ N
-~ ’ \,
\
// \\,
P
Day 1 Day 14 Day 28

Figure 2 Schematic diagram of the hypothesized changes in dietary energy intake across an idealized 28-day menstrual cycle with
ovulation occurring on day 14 (a), and the corresponding relative estrogen, progesterone, and luteinizing hormone fluctuations
(b). Both (a) and (b) are superimposed over the menstrual cycle phases representing 4 distinct hormonal environments: the early-follicular
phase, the late-follicular phase, the ovulatory phase, and the mid-luteal phase. In (a) the dash-dotted line represents dietary energy intake,
and in (b) the solid line represents estrogen, the dashed line represents progesterone, and the dotted line represents luteinizing hormone.
Figure 2 was created with Adobe Photoshop 2020 (Adobe Inc., San Jose, CA, USA).

average, lower during the “fertile window” (ovulatory
and early luteal phase) than on other days during the
same cycle (y=—.23, df =533, P=.012), correspond-
ing with lower energy intake.”” Other studies have
shown that, in response to a preload glucose drink,
hunger scores were lower during 2 follicular-phase time
points compared with the luteal phase (as measured by
a validated visual analogue scale questionnaire). In con-
trast to the findings of much of the published research,
energy intake from a standardized meal was also lower
at these time points (~700k]), and there was a
decreased rate of gastric emptying, potentially linked to
progesterone.”” In rats, progesterone slows intestinal
transit®” and inhibits gastric emptying,®® but whether
the same effects are present in humans across the men-
strual cycle is unclear: Jung et al reported a longer
colonic transit time in 11 females in the luteal phase
(coinciding with high progesterone levels), compared
with that in 10 females who were in the follicular
phase,”” while Degen et al found no evidence of a differ-
ence between phases in a group of 12 females.”” These
conflicting results could reflect differences in study
design, including control for physical activity, smoking
history, body composition and dietary intakes, and nei-
ther study verified menstrual cycle phases with serum
hormones. However, the slowing of transit time during
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the luteal phase (potentially related to increased proges-
terone) would be expected to increase satiety, and thus
decrease energy intake.”"”? Yet this conflicts with the
majority of studies, which show an increase in energy
intake in the luteal phase compared with other phases
in which progesterone is lower, highlighting the fact
that several factors likely influence dietary intake across
the menstrual cycle.

Indeed, it is not only the volume of food ingested
that influences energy intake, but energy density.
McNeil et al found that females displayed greater
explicit wanting for high-fat foods during the mid-
luteal phase compared with the late-follicular phase,
manifesting as an increase in fat intake (from a single
meal).*> While there was no evidence of a difference in
explicit liking for high-fat foods, Robinson et al suggest
wanting as opposed to liking may play a more impor-
tant role in influencing ingestive behavior.”> Cohen et
al showed that cravings for pastries, fried snacks, des-
serts and sweets, sandwiches and hot dogs, sausages,
chocolate, and “brigadiero” (a typical Brazilian dessert
made of chocolate and condensed milk) were greater in
the luteal phase than in the follicular phase.”* Similarly,
Gorczyca et al reported higher craving scores for choco-
late, sweets, salty flavor and other cravings (as well as
higher overall appetite) during the late-luteal phase
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compared with all other phases.”” Interestingly, this was
not reflected in any changes in energy or macronutrient
intakes, however, the 24-hour recalls were collected in
the mid-luteal phase, while the cravings questionnaires
were administered in the late-luteal phase, so the true
relationship may not have been captured.’”

Despite the number of aforementioned potential
physiological mechanisms that may modify energy
intake across the menstrual cycle via changes in hormo-
nal profile, other factors such as societal pressures to
look a certain way and the potential impact of estrogen
on psychological state could also influence energy
intake.

CONCLUSION

A host of methodological differences and poor compli-
ance with menstrual research guidelines make confi-
dently interpreting the existing literature difficult.
Despite this, energy intake does appear to be greater in
the luteal phase of the menstrual cycle compared with
the follicular phase overall, with the lowest intake likely
occurring during the late-follicular and ovulatory
phases (however, the number of studies that have spe-
cifically researched these phases is limited) (Figure 2).
Given the amount of methodological heterogeneity, the
exact magnitude of change across the cycle is still
unclear. While most studies reported differences of
around 200 kcal/day-350 kcal/day between time points
in the follicular and luteal phases, those that verified
cycle phases with serum hormones observed an actual
range of 159 kcal/day-529 kcal/day. At the upper end of
the range for a 65 kg female with 15% body fat, the dif-
ference in energy intake between menstrual phases
could equate to almost 10kcal/kg fat-free mass/day,
which could have significant clinical and research
implications. However, phase-related differences in
energy intake most likely vary both between individuals,
and from cycle-to-cycle. This lack of generalizability
means an individualized approach to interventions may
be more appropriate where dietary intake across the
menstrual cycle is concerned. It is worth acknowledging
that these findings are not applicable to users of any
form of hormonal contraception, or post-menopausal
females; investigating the unique considerations of these
populations is warranted, but is beyond the scope of
this review.

For future research, we highlight the importance of
verifying menstrual cycle phase with serum estrogen
and progesterone concentrations and including the
late-follicular and ovulatory phases. The degree of inter-
individual variability needs to be better reported, quan-
tified, and used to ensure appropriate sample size in
menstrual cycle research. Where dietary energy intake
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across the menstrual cycle may be relevant to, or is, the
outcome of interest, weekday-weekend variation should
be taken into account. While it may not be feasible to
manipulate data collection days due to the nature of the
menstrual cycle, tracking over multiple cycles, or
increasing the sample size can help ensure balance
between phases. Researchers should quantitatively
measure and account for physical activity levels, and
more studies are required in active populations, for
whom comparing energy availability rather than energy
intake may be more appropriate. Similarly, measuring
premenstrual syndrome symptoms, as well as more spe-
cific research in those with premenstrual syndrome and
premenstrual dysphoric disorder, would help to clarify
any influence these conditions may have on changes in
energy intake across the menstrual cycle. A discrepancy
in dietary energy intake between menstrual cycle phases
may have implications for research pertaining to dietary
intake, energy availability, appetite, and eating behavior,
as well as situations involving food provision, or diet
and meal planning, whether that be in a research con-
text or otherwise.
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